Integrated Ocean Drilling Program Expedition 317 drilled progradational sequences on the continental shelf and upper slope in the offshore Canterbury Basin on the eastern margin of the South Island of New Zealand. We measured δ 18 O and δ 13 C values in benthic foraminifers (Nonionella flemingi) from the upper 550 meters below seafloor at slope Site U1352. The results of the oxygen isotope ratios in conjunction with nannofossil datum levels allow identification of most of the marine isotope stages (MIS) shown in the LR04 stack since MIS 63 (1.76 Ma).
Introduction
During Expedition 317, three sites were drilled on the continental shelf (84-122 m water depth) and one site was drilled on the upper slope (344 m water depth) (Fig. F1) from November 2009 to January 2010 using the D/V JOIDES Resolution. The expedition recovered Eocene to Holocene sediment with particular focus on the sequence stratigraphy of the Miocene to Holocene, when sea level change was dominated by glacioeustasy (see the "Site U1352" chapter [Expedition 317 Scientists, 2011]) . Core recovery at the upper slope Site U1352 was excellent and reached nearly 100% at penetration depths shallower than 550 m core depth below seafloor (CSF-A). We picked tests of benthic foraminiferal species Nonionella flemingi from this interval and measured oxygen and stable carbon isotope values.
Oxygen isotope ratios of benthic foraminifers provide an excellent global record of glacial-interglacial cycles, especially since the Pliocene (e.g., LR04 δ 18 O stack of Lisiecki and Raymo, 2005) . We constructed an age model for Hole U1352B by correlating between the LR04 δ 18 O stack and our δ 18 O measurements.
Materials and methods
A total of 343 samples were taken from the upper 550 m in Hole U1352B. The cores consist mainly of unconsolidated mud intercalated with fine sand layers. Sediment was sampled using 20 cm 3 plastic tubes. Freeze-dried samples were washed over 125, 250, and 500 µm stacked sieves. From several to ~40 tests of benthic foraminifer N. flemingi were picked from subsamples of the medium to fine sand-size fraction (125-500 µm). Three to six wellData report: Pleistocene benthic foraminiferal oxygen and stable carbon isotopes and their application for age models, Hole U1352B, offshore New Zealand preserved tests were selected for isotope analysis from each sample and sonicated repeatedly in methanol for 1-2 min to remove clay-size particles. After removal of impurities from the surfaces of the tests, the tests were broken with a needle and sonicated in methanol to remove internal impurities.
Oxygen and stable carbon isotopic analyses were carried out at the Kochi Core Center using an IsoPrime mass spectrometer. Automated reaction with hot (90°C) phosphoric acid was performed on cleaned samples in individual vials, and the resulting purified CO 2 gas was fed directly into the mass spectrometer. Oxygen isotope results are expressed as per mil (‰) relative to the Vienna Peedee belemnite standard. We measured 21 samples for each measurement cycle. We measured four working standards (NBS 19; δ 18 O = -2.2‰ and δ 13 C = 1.95‰) at the beginning of each measurement cycle, one additional standard every seven samples, and three further standards at the end of the measurement cycle. Analytical precision is better than 0.14‰ for δ 18 O and 0.07‰ for δ 13 C. We made 369 measurements on the 343 samples because we replicated measurements for 24 of the samples (Tables T1, T2) .
Results and correlation with the LR04 stack
A plot of δ 18 O versus depth shows a cyclic fluctuation between 1.32‰ and 4.11‰, whereas δ 13 C shows a cyclic fluctuation between -1.95‰ and 0.77‰ (Fig. F2) . No samples of N. flemingi were found from 10.7 to 63.3 m CSF-A, but good δ 18 O and δ 13 C results were obtained from the rest of the section to 550 m CSF-A at intervals of ~1.5 m. The average sedimentation rate within the upper 550 m is estimated as 22 cm/1000 y (see the "Site U1352" chapter [Expedition 317 Scientists, 2011] ). As a result, 1.5 m represents ~7000 y, and we are therefore confident that we can recognize δ 18 O and δ 13 C fluctuations with cycle periods exceeding ~14,000 y.
Results from coring (see the "Site U1352" chapter [Expedition 317 Scientists, 2011] ) suggested that an unconformity lies somewhere between 491.74 and 525.34 m CSF-F, with a hiatus from 1.8 to 2.7 Ma. We use this correlation, together with the seven Pleistocene nannofossil datum levels that fall within the measured section (Table T3 ; see also the "Site U1352" chapter [Expedition 317 Scientists, 2011] ), to correlate the δ 18 O record (Fig. F3A) to the global benthic foraminiferal δ 18 O LR04 stack of Lisiecki and Raymo (2005) (Fig. F3B) and to plot the Expedition 317 δ
18
O record versus age (Fig. F3C) . Ultimately, we recognize all of the marine isotope stages (MIS) of the LR04 stack (Lisiecki and Raymo, 2005) except for MIS 3 and 4, which are expected to lie within the interval between 10.7 and 63.3 m CSF-A where N. flemingi was absent (Fig. F3C) .
A depth-age curve (age model), based on the isotopic correlations, was generated using AnalySeries 2.0.4.3 software (Fig. F4) and indicates that the average sedimentation rate in the upper ~500 m of Hole U1352B is ~28 cm/1000 y. However, sedimentation rates fluctuate; the maximum rate is ~60 cm/1000 y, and the minimum is <10 cm/1000 y. Figure F4 . Sedimentation rate curve produced using AnalySeries 2.0.4.3 software, Hole U1352B. Table T2 . Samples on which multiple measurements were made and their values of δ 18 O and δ 13 C, Hole U1352B.
Averages of the multiple measurement values are shown in Table T1 . VPDB = Vienna Peedee belemnite. Table T3 . Nannofossil bioevents, Hole U1352B.
Bioevent data (see the "Site U1352" chapter [Expedition 317 Scientists, 2011] ) is used to constrain oxygen isotope stages correlation presented in Figure F3 . LO = lowest occurrence, HO = highest occurrence, HCO = highest common occurrence. 
